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data are obtained from the Egyptian Electricity Transmission Company. Outage-data analysis over
8 years from 2002 to 2009 of 252 transformers with MVA rating ranging from 40 MVA to
150 MVA is presented. Several indices are determined for evaluating the reliability of power trans-
formers. The knowledge of these indices is essential for proper system planning and operation.
Forced outages due to correct and false action of transformer’s protection systems are carefully
considered. The trend of the determined hazard function indicated that a signiﬁcant number of
the transformers is probably being operated in the wear-out phase; however, detailed aging analysis
is required to determine the reliability state of each transformer. The determined values for the
maintainability and availability show signiﬁcant variations with time. The results are compared
with the IEEE 1979 survey.
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Based on ANSI/IEEE C57.117-1986 [1], a transformer is a
static electric device consisting of a winding or two or more5639589.
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lseviercoupled windings, with or without a magnetic core for intro-
ducing mutual coupling between electric circuits. The trans-
former includes all transformer-related components, such as
bushings, load tap-changers, fans, and temperature gauges. It
excludes all system-related components such as surge arresters,
grounding resistors, high-voltage switches, low-voltage
switches and house service equipment. Transformers can be
classiﬁed into many types such as power transformers, auto-
transformers, and regulating transformers. Based on their
application, transformers are classiﬁed into substation trans-
formers, transmission tie transformers, unit transformers, etc.
The study in this paper considers power transformers for util-
ity applications. For abbreviation, the term ‘‘transformers’’
will refer to ‘‘power transformers’’ in this paper. Transformers
are an integral part of power systems, and their reliability di-
rectly affects the reliability of the whole network. Outage of
transformers is a failure, since a failure is the termination of
Figure 1 Bathtub curve for power transformers.
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[1]. Transformer outages are either forced or scheduled. Both
types are caused by switching operations. Forced outages of
transformers are mainly due to automatic switching operations
performed by protection systems [1–3]. They are caused by
either external causes (such as transmission line faults) or inter-
nal causes (such as core failure and winding failure). More de-
tails about failure statistics of transformer subassemblies are
available at references [2,3]. For an abbreviation in this paper,
the term ‘outage’ refers to ‘forced outage’.
In general, there are three distinct phases that a complex
product goes through in its life cycle [1,4,5]. These phases
are infant mortality (or debugging) phase, useful life phase,
and wear-out phase. These three characteristics periods are rep-
resented by what is called the bathtub curve [4,5]. The chances
of failure are much different during each phase, but most
assemblies of a large number of component parts exhibit these
three characteristic periods in their life. However, for a typical
power transformer, the infant mortality phase has been signif-
icantly reduced as shown in Fig. 1 by adherence to industry-
wide testing standards. In comparison with many products
sold today, power transformers offer few, if any, signiﬁcant
problems due to infant mortality [1].
In this paper, outage data analysis of 220 kV power trans-
formers is considered because power plants and wind farms are
connected to the Egyptian uniﬁed grid through the 220 kV
power network. Outage-data are obtained from the Egyptian
Electricity Transmission Company (EETC). Outage-data anal-
ysis over 8 years from 2002 to 2009 of 252 (average number)
transformers with MVA rating ranging from 40 MVA to
150 MVA is presented. Several indices are determined for eval-
uating the reliability of power transformers. In addition,
knowledge of these indices is essential for proper system plan-
ning and operation. The determined indices are the average an-
nual number of failures (AANF), average annual interrupted
MW (AAIMW), average annual repair time (AART), and
average annual customer interruption duration (AACID),Table 1 Total and average numbers of transformers in various geo
Zone 2002 2003 2004 2005
Cairo 51 56 57 61
Alexandria 29 29 30 30
Canal 48 50 51 55
Delta 48 48 49 49
Middle Egypt 21 21 21 26
Upper Egypt 26 26 26 26
Total 223 230 234 247failure rate, availability, and maintainability. Forced outages
due to correct and false action of transformer’s protection sys-
tems are carefully considered.
2. Outage-data preparation
Outage reports of transformers from 2002 to 2009 are obtained
from the EETC. These reports are available only in hardcopy
forms and their size is very large (about 4000 pages). The col-
lected data per outage include the transformer location, date
and time, transformer outage duration, protection action,
transformer restoration (or repair) time, interrupted MW
and duration. These data are carefully transformed to an elec-
tronic form that is suitable for conducting the present study.
Data required for conducting detailed aging analysis could
not be obtained.
A summary of averaged data is given in Appendix A. The
total number of transformers in service was 223 and 292 in
2002 and 2009 respectively. Table 1 shows the actual and aver-
age numbers of transformers in various geographical zones for
years 2002–2009.
The 220 kV network is considered one of the oldest trans-
mission networks in many European countries [6]. The gener-
ation plants in Germany are linked to the uniﬁed Grid through
220 kV level [7]. In Egypt, the 220 kV network in the EETC
system plays a key role in transferring the bulk power gener-
ated to other voltage levels. Therefore, reliable performance
of the 220 kV network guarantees delivery of energy generated
to the rest of the system.
There are numerous outage causes for transformers. This is
mainly due to operating conditions, aging factor, maintenance
strategy, and environmental conditions. According to their
type and nature, outage causes are categorized into ﬁve outage
categories as shown in Table 2. These outage categories are
transformer related outages, power system related outages,
environmental related outages, human factor (or human mis-
takes) related outages, and unclassiﬁed/other outages.
Outage-data analysis is conducted according to two basic
phases. Failure and repair analysis of transformers is con-
ducted in the ﬁrst phase while the impact of transformer out-
ages on customers is assessed in the second phase.
3. Outage-data analysis
3.1. Failure and repair analysis
The distribution of failure numbers per outage cause for the
transformers is shown in Fig. 2. For a given outage cause,
the percentage number of failures is calculated bygraphical zones for years 2002–2009.
2006 2007 2008 2009 Average
63 69 70 74 63
30 30 30 30 30
59 61 66 77 58
46 48 51 53 49
26 25 25 26 24
27 29 32 32 28
251 262 274 292 252
Table 2 Outage categories and corresponding outage causes
for the transformers.
Outage categories Outage causes
Transformer related
outage category
 Buchholz and pressure relief (B&P)
 Over current protection (OC)
 Earth fault protection (EFP)
 Diﬀerential protection (DP)
 Breakdown and damage (B&D)
 Fire ﬁghting systems (FFS)
 Hot spots (HS)
 Oil, air, or SF6 leakage (leakage)
 Flash over (FO)
Power System related
outage category
 Outage of incomers (OI)
 Bus bar protection (BBP)
Environment related
outage category
 Bad weather (BW)
 Animal and birds (A&B)
Human factor related
outage category
 Human factor or mistakes (HM)
Unclassiﬁed and other
outage categories
 No ﬂags or unclassiﬁed (NF)
 Others
Figure 4 Distribution of failure numbers per outage category for
various geographical zones.
Figure 2 Distribution of failure numbers per outage cause.
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where %AANF is the percentage average number of failures
per outage cause; NF is the average number of failures in the
study period per outage cause and TNF is the total number
of failures in the study period.
It is depicted from Fig. 2 that the major cause of outages is
the over current protection (about 19%) due to heavy loads
followed by others (about 14%) and differential protection
(about 10%).
The distribution of failure numbers per outage category is
shown in Fig. 3. The calculations are done using a modiﬁedFigure 3 Distribution of failure numbers per outage category.version of Eq. (1) such that %AANF represents the percentage
average number of failures per outage category and NF is the
average number of failures in the study period per outage
category.
It is depicted from Fig. 3 that transformer related outages
are responsible for major number of outages followed by
unclassiﬁed-other outages and power system related outages.
Minor number of outages is associated with human factor
(mistakes) and environmental related outages.
The distribution of failure numbers per outage category per
geographical zone is shown in Fig. 4. The calculations are done
using a modiﬁed version of Eq. (1) such that %AANF repre-
sents the percentage average number of failures per outage cat-
egory in a given geographical zone and NF represents the
average number of failures in the study period per geographi-
cal zone.
It is depicted from Fig. 4 that transformer related outages
are the major contributors to the total number of transformer
failures in all zones. However, their major impact is in the Del-
ta zone where the percentage number of outages due to the
transformer related reasons is about 18% of the overall num-
ber of outages. Power system related outages are the second
main cause of outages in the Cairo zone giving about 4% of
the overall number of outages. In addition, the category of
unclassiﬁed and other outages contributes signiﬁcantly to the
number of outages for all zones.
Unplanned outages of power transformers can cost the
electric utilities millions of dollars. Consequently, it is impor-
tant to minimize the frequency and duration of their occur-
rence. Accordingly, high demands are imposed on the power
transformer protective relays that should assure dependability
(no missing operations), security (no false trip), and speed of
operation (short fault clearing time).Figure 5 Percentages of false trips of protection devices.
Figure 7 Annual average distribution of repair time per outage
category.
Figure 8 Average annual distribution of repair (restoration)
time per outage category per geographical zone.
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vices. The percentage of false trips is calculated as the number
of false trips divided by the total number of trips.
It is depicted from Fig. 5 that the bus bar protection sys-
tems are the dominant cause of false trips followed by the ﬁre
ﬁghting systems. Lack of maintenance and testing of relays
and improper setting of protection devices are the main rea-
sons of poor performance of bus bar protection system. Im-
proper maintenance and monitoring the compressed air line
of ﬁre ﬁghting are the main reasons of the performance failure
of these systems. Buchholz and pressure relief, and differential
protection cause signiﬁcant number of false outages. Gener-
ally, false trips of protection systems can be signiﬁcantly re-
duced by improving maintenance procedures, system
monitoring, and operation strategies as well as revising the de-
sign and settings of protection systems.
The average annual distribution of repair (restoration) time
per outage cause is shown in Fig. 6. For a given outage cause,
the annual average repair time (AART) per transformer in
hours is calculated by
AART ¼ TRT=ðN  TÞ ð2Þ
where AART is the annual average repair time per transformer
per outage cause in hours; TRT is the total repair time in the
study period per outage cause in hours;N is the average number
of transformers in the studyperiod;T is the studyperiod in years.
It is depicted from Fig. 6 that among all outage causes,
transformer failures that include actions of Buchholz and pres-
sure relief relays take the longest repair time due to severe
transformer faults associated with these outages. Breakdowns
and damages are responsible for the second cause of lengthy
repair time to ﬁx or replace the damaged equipment.
The annual average distribution of repair time per outage
category per transformer is shown in Fig. 7. The calculations
are done using a modiﬁed version of Eq. (2) such that AART
is the annual average repair time per transformer per outage
category in hours, and TRT is the total repair time in the study
period per outage category in hours.
It is depicted from Fig. 7 that the longest annual average
repair times are associated with transformer related outages.
The average annual distribution of repair time per outage
category per geographical zone per transformer is shown in
Fig. 8. The calculations are done using a modiﬁed version of
Eq. (2) such that AART is the annual average repair time
per transformer per outage category per geographical zone in
hours. TRT is the total repair time in the study period per out-
age category per geographical zone in hours, and N is the aver-
age number of transformers in the study period per
geographical zone.Figure 6 Average annual distribution of repair time per outage
cause per transformer.It is clear from Fig. 8 that transformer related outages are
responsible for long average annual repair time per trans-
former in all zones. The highest value of average annual repair
time occurs in Middle Egypt. Average annual repair times
associated with other outage categories are insigniﬁcant in
comparison with that associated with transformer related
outages.
3.2. Customer interruption analysis
Two indictors are used to represent the impact of transformer
outages on customer interruptions. These indicators are the
annual average interrupted MW (AAIMW) and the annual
average customer-interruption duration (AACID). Customer
interruption costs can be assessed using these indicators; how-
ever, calculation of these costs is retained for future work.
The annual average distribution of customer interrupted
MW per outage cause per transformer is shown in Fig. 9.
For a given outage cause, the annual average interrupted
MW per transformer (AAIMW) is calculated byFigure 9 Annual average distribution of customer interrupted
MW per outage cause.
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where AAIMW represents the annual average interrupted MW
per transformer per outage cause; TIMW is the total inter-
rupted MW in the study period and N is the average number
of transformers in the study period.
It is depicted from Fig. 9 that the largest values of AAIMW
are associated with human mistakes. Most of the mistakes oc-
cur during the maintenance of disconnected transformer or
equipment, so any associated outage is sudden and unexpected
that affects badly the 66–33 kV side. Furthermore, outages
that include over current, outage of incomers and bus bar pro-
tection caused high values of AAIMW.
The AAIMW per outage category is shown in Fig. 10. The
calculations are done using a modiﬁed version of Eq. (3) such
that AAIMW represents the annual average interrupted MW
per transformer per outage category, and TIMW represents
the total interrupted MW in the study period per outage
category.
It is depicted from Fig. 10 that the highest AAIMW is
caused by transformer-related outages. Signiﬁcant values of
AAIMW are associated to power system related outages.
The annual average distribution of customer interrupted
MW per outage category per geographical zone is shown in
Fig. 11. The calculations are done using a modiﬁed version
of Eq. (3) such that AAIMW is the annual average interrupted
MW per transformer per outage category in a given geograph-
ical zone and TIMW is the total interrupted MW in the study
period per outage category in a given geographical zone.
It is depicted from Fig. 11 that the transformer, power sys-
tem, and human factor related outages are the main contribu-
tors to AAIMW. Transformer-related outages cause the
highest values of AAIMW in all zones except in Cairo whereFigure 11 Annual average distribution of customer interrupted
MW per outage category for various geographical zones.
Figure 10 Annual average distribution of customer interrupted
MW per outage category.the power system related outages become ﬁrst. Human factor
related outages are associated with a high contribution of
AAIMW, especially in Middle Egypt and Alexandria.
The annual average distribution of customer interruption
duration per outage cause per transformer is shown in
Fig. 12. For a given outage cause, the average annual customer
interruption duration per transformer (AACID) in hours is cal-
culated by
AACID ¼ TCID=ðN  TÞ ð4Þ
where AACID is the annual average customer-interruption
duration per transformer per outage cause; TCID is the total
customer-interruption duration in the study period per outage
cause and N is the average number of transformers in the study
period.
It can be shown from Fig. 12 that the longest AACID oc-
curs due to outages that include human mistakes, breakdown
and damage.
The annual average distribution of customer interruption
duration per outage category per transformer is shown in
Fig. 13. The calculations are done using a modiﬁed version
of Eq. (4) such that AACID is the annual average customer-
interruption duration per transformer per outage category,
and TCID is the total customer-interruption duration in the
study period per outage category.
Fig. 13 clariﬁes that the longest annual average customer
interruption duration is associated with the transformer re-
lated outages followed by the power system related outages.
The annual average distribution of customer interruption
duration per outage category per geographical zone per trans-
former is shown in Fig. 14. The calculations are done using a
modiﬁed version of Eq. (4) such that AACID is the annualFigure 13 Annual average customer-interruption duration per
transformer per outage category.
Figure 12 Annual average customer-interruption duration per
transformer per outage cause.
Figrue 14 Annual average customer-interruption duration per
transformer per outage category per geographical zone.
Figure 15 Transformers hazard function.
Figure 16 Maintainability trend of transformers (in h).
Figure 17 Availability trend of transformers.
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outage category per geographical zone, TCID is the total
customer-interruption duration in the study period per an out-
age category per geographical zone and N is the average num-
ber of transformers in the study period per geographical zone.
Fig. 14 shows that the longest AACID occurs in Upper
Egypt. Transformer-related outages cause the highest values
of AACID in all zones. Large impact of power system and hu-
man factor related outages on AACID is shown in most zones.
In addition, the category of ‘unclassiﬁed and other outages’
shows a high contribution to AACID.
4. Failure rate, availability, and maintainability evaluation
Based on reliability theory, the following deﬁnitions apply
[1,4,8].The failure rate is a measure of the basic design of the
transformer as well as the operating and maintenance practicesTable 3 IEEE power transformers – 1979 survey.
Equipment subclass Failure rate (failures per
unit-year)
All liquid ﬁlled 0.0062
Liquid ﬁlled 300–
10,000 KVA
0.0059
Liquid ﬁlled
>10,000 KVA
0.0153
Dry 300–
10,000 KVA
a
a Small sample size; less than eight failuresemployed. Maintainability is the measure of the ability of an
item to be restored or retained in a speciﬁed condition.
Maintenance should be performed by personnel having speci-
ﬁed skill levels, using prescribed procedures and resources, at
each prescribed level of maintenance and repair. Simply stated,
maintainability is ameasure of how effectively and economically
failures can be prevented through preventive maintenance and
howquickly systemoperation can be restored following a failure
through corrective maintenance. A commonly used measure of
maintainability in terms of corrective maintenance is the mean
time to repair (MTTR). It is important to note that maintain-
ability is not the same as maintenance. Maintainability is a de-
sign parameter, while maintenance consists of actions to
correct or prevent a failure event. Maintainability is a function
of design features, such as access, interchangeability, standard-
ization, and modularity. Maintainability includes designing
with the human element of the system in mind. The human ele-
ment includes operators and maintenance personnel. Designing
for improved maintainability involves consideration of ways to
minimize the duration of outages [9]. Availability is the percent-Average repair time (hours
per failure)
Average replacement time
(hours per failures)
356.1 85.1
297.4 79.3
1178.5a 192.0a
a a
Table A1 Year 2002.
Cause of failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2002: Number of transformers = 223
Transformer related outage category
B&P 1 15 7 225
OC 14 35.93 3.64 11.43
EFP 1 0 0 216
DP 8 33 4.29 916.86
B&D 2 0 0 2787
FFS 1 0 0 78
HS 4 0 0 160
Leakage 7 0 0 96.43
FO 1 0 0 139
Overall 39 83.93 14.93 4629.72
Power system related outage category
OI 5 65.96 5 5
BBP 3 28.87 18.67 236.67
Overall 8 94.83 23.67 241.67
Environment related outage category
BW 1 54 5 278
A&B 0 0 0 0
Overall 1 54 5 278
Human factor related outage category
HM 0 0 0 0
Overall 0 0 0 0
Unclassiﬁed and other outage categories
NF 3 0 0 218.33
Others 13 4 1.38 2152.46
Overall 16 4 1.38 2370.79
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tions. Availability is a function of both MTBF and MTTR.
4.1. Failure rate
During the useful-life phase of a product, the failure rate (k) can
be deﬁned as the number of random (unscheduled) occurrences
of failure of the product to perform its intended function di-
vided by the length of time the product was functioning
[1,4,8]. Using this deﬁnition, ‘‘failure per year’’ has no meaning.
To be useful as a reliability measure, the failure rate must be ex-
pressed in terms of failures per transformers of similar charac-
teristics that have been in service for a different length of time.
In this case, the failure rate (or the hazard function) for this
group would be estimated by dividing the total number of fail-
ures experienced by the total service years of all transformers in
the group as shown in Eq. (5).
kðtÞ ¼ TNFðtÞ=ðNðtÞ  TðtÞÞ ð5Þ
In calculating the failure rate, the actual number of transform-
ers for each year in the study period shown in Table 1 is used.
Failure rates (or the hazard function) of transformers are
shown in Fig. 15.
The trend of the determined hazard function shown inFig. 15
indicated that a signiﬁcant number of the transformers is prob-
ably being operated in the wear-out phase; however, detailed
aging analysis is required to determine the reliability state of
each transformer. Therefore, it is recommended to carefully in-
spect the past failures for each transformer in the consideredgroup in order to deﬁne its reliability state. The outcome of this
inspection is to classify the considered group of transformers
into two subgroups based on the hazard function of each trans-
former. The ﬁrst subgroup includes transformers that operate in
the useful life phase where their hazard functions are approxi-
mately constant over time while transformers with continuously
increasing hazard functions operate in the wear-out phase and
are included in the second subgroup. Decisions should be made
either to keep or to get rid of transformers that belong to the sec-
ond subgroup. In this case, the steepness of the increase in the
hazard function is the major decision aid. Detailed aging analy-
sis is not considered in this paper due to lack of the required
data; however, this task is retained as a future work.
The failure rate values shown in Fig. 15 are compared with
the previous IEEE 1979 survey [10]. For convenience, Table 3
shows the results of the IEEE 1979 survey. Based on Fig. 15
and Table 3, it is depicted that the failure rate is very high in
comparison with the calculated failure rates in IEEE power
transformers survey in 1979.
4.2. Maintainability evaluation
Maintainability of transformers is shown in Fig. 16. It is de-
picted from Fig. 16 that the annual values of maintainability
are time dependent. Management, human skills, and environ-
mental conditions have their impact on the variation of time
required for repairing failures.
The estimated MTTR in comparison with the 1979 IEEE
survey Table 3 [10] shows that MTTR of the transformers of
Table A2 Year 2003.
Cause of Failure Number Average load interruption time (min) Average interrupted power (MW) Average repair time (min)
Year 2003: No. of transf. = 230; No. of removed transf. = 1; No. of newly established transf.a = 8; Degree of establishmentb = 3.59%
Transformer related outage category
B&P 8 0 0 172.63
OC 20 20.29 5.75 149
EFP 3 3.33 6.67 238.67
DP 11 4.45 6.27 395
B&D 6 2.83 2.5 497.67
FFS 5 21.6 10.4 276
HS 2 0 0 138
Leakage 16 0.44 0.44 865.31
FO 0 0 0 0
Overall 71 52.94 32.03 2732.27
Power system related outage category
OI 0 0 0 0
BBP 1 0 0 90
Overall 1 0 0 90
Environment related outage category
BW 4 0 0 100.75
A&B 2 14.5 7.5 285.5
Overall 6 14.5 7.5 386.25
Human factor related outage category
HM 7 23.86 7.29 103.14
Overall 7 23.86 7.29 103.14
Unclassiﬁed and other outage categories
NF 0 0 0 0
Others 10 0 0 1403.4
Overall 10 0 0 1403.4
a No. of newly established transf. = (No. of this year  No. of prev. year + No. of removed transf.)
b Degree of establishment = 100 * (No. of newly established transf./No. of transf. in the previous year)
190 M. Abdelfatah et al.the EETC is less than time required for repairing transformers
in the 1979 IEEE survey.
4.3. Availability evaluation
The availability is calculated by Eq. (6) and annual values of
transformer availability are shown in Fig. 17.
AðtÞ ¼ MTBFðtÞ=ðMTBFðtÞ þMTTRðtÞÞ ð6Þ
It is clear from Fig. 17 that the annual values of transformer
availability are time dependent. Based on Eq. (6) and the data
shown in Table 3, the average availability is 0.9992 for liquid
ﬁlled transformers. Therefore, the availabilities of EETC trans-
formers are higher than the average availability of the 1979
IEEE survey. Although EETC transformers are having a very
high failure rate, their availability is high. This is due to the
very small MTTR. Accordingly, the MTTR is considered the
most signiﬁcant factor that can quickly and dramatically have
a positive or negative impact on availability.
5. Conclusion
In the 220 kV transformers, the largest AANF was caused by
over current protection due to heavy loads. This indicates that
the number of 220 kV transformers is insufﬁcient to supply the
present loads. Meanwhile the largest values of AAIMW wereassociated with Human mistakes. Most of the mistakes occur
during the maintenance of disconnected transformer or equip-
ment. The longest AACID occurred due to outages that include
human mistakes, breakdown and damage. Buchholz and pres-
sure relief relays contributed in the large values of AART.
Among all outage categories, transformer related outages
recorded the largest AANF and AAIMW in all regions except
Cairo as the power system related outages were dominant.
Furthermore, transformer related outages caused the longest
AART and AACID in all regions except Middle Egypt as
unclassiﬁed and other outages did the longest AACID.
The trend of the determined hazard function indicated that
a signiﬁcant number of the transformers is probably being
operated in the wear-out phase; however, detailed aging
analysis is required to determine the reliability state of each
transformer. Decisions should be made either to keep or to
get rid of transformers that operate in the wear-out phase.
The steepness of the increase in the hazard function is the ma-
jor decision aid. Detailed aging analysis is not considered in
this paper due to lack of the required data; however, this task
is retained as a future work.
The considered transformers show higher maintainability
and availability in comparison with the 1979 IEEE survey.
The maintainability and availability vary with respect to time,
and their behavior is random. The differences between the esti-
mated values and the IEEE 1979 survey are caused by many
Table A3 Year 2004.
Cause of Failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2004: No. of transf. = 234; No. of removed transf. = 0; No. of newly established transf. = 4; Degree of establishment = 1.73%
Transformer related outage category
B&P 2 0 0 1893
OC 18 44.03 19.81 107.59
EFP 12 24.91 18.25 168.92
DP 12 18.91 8.09 731.91
B&D 7 8.29 3.29 295.57
FFS 3 0 0 77.67
HS 1 0 0 50
Leakage 10 2 0.8 1177.7
FO 3 0 0 117.33
Overall 68 98.14 50.24 4619.69
Power system related outage category
OI 3 4 35.67 37.33
BBP 7 12.14 5.14 23
Overall 10 16.14 40.81 60.33
Environment related outage category
BW 0 0 0 0
A&B 1 0 0 70
Overall 1 0 0 70
Human factor related outage category
HM 5 33.8 13.2 14.6
Overall 5 33.8 13.2 14.6
Unclassiﬁed and other outage categories
NF 2 21 2.5 223
Others 14 8.75 10.62 296.5
Overall 16 29.75 13.12 519.5
Table A4 Year 2005.
Cause of Failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2005: No. of transf. = 247; No. of removed transf. = 0; No. of newly established transf. = 13; Degree of establishment = 5.55%
Transformer related outage category
B&P 3 0 0 221
OC 23 39.49 22.70 241.09
EFP 9 35.87 29.11 111.89
DP 12 12.25 37.92 284.58
B&D 14 31.34 31.794 166.71
FFS 1 0 0 154
HS 4 0 0 231
Leakage 8 0 0 118.75
FO 0 0 0 0
Overall 74 118.9494 121.50918 1529.0235
Power system related outage category
OI 1 0 0 7
BBP 1 0 0 47
Overall 2 0 0 54
Environment related outage category
BW 0 0 0 0
A&B 0 0 0 0
Overall 0 0 0 0
Human factor related outage category
HM 7 34.93 16.29 17
Overall 7 34.93 16.291 17
Unclassiﬁed and other outage categories
NF 7 36.52 7 182.29
Others 17 19.59 4.35 430.25
Overall 24 56.08 11.35 612.54
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Table A5 Year 2006.
Cause of Failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2006: No. of transf. = 251; No. of removed transf. = 1; No. of newly established transf. = 5; Degree of establishment 2.02%
Transformer related outage category
B&P 7 0 0 1977.5714
OC 25 17.94 19.91 374.6
EFP 11 11.55 3.4 824.6
DP 10 18.18 3.2 1333.8
B&D 6 39.92 15.5 338
FFS 9 2.67 0.337 140.5
HS 4 0 0 123.67
Leakage 12 0 0 1585.67
FO 3 0 0 117.5
Overall 87 90.25 42.35 6815.90
Power system related outage category
OI 2 51 15 15
BBP 7 25.17 6.83 115
Overall 9 76.17 21.837 130
Environment related outage category
BW 8 1.29 1.25 421.44
A&B 2 9 1 936.5
Overall 10 10.29 2.25 1357.94
Human factor related outage category
HM 11 19.51 34.3 266.2
Overall 11 19.51 34.3 266.2
Unclassiﬁed and other outage categories
NF 5 45.13 10.2 155.8
Others 16 11.25 2.88 328.88
Overall 21 56.38 13.08 484.68
Table A6 Year 2007.
Cause of Failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2007: No. of transf. = 262; No. of removed transf. = 0; No. of newly established transf. = 11; Degree of establishment = 4.38%
Transformer related outage category
B&P 6 0 0 3768.17
OC 19 25.76 10.44 109.83
EFP 10 1 10.44 64.44
DP 13 13.92 2.38 2121.46
B&D 16 7.29 8.36 2251.75
FFS 4 0 0 88
HS 4 0 0 85.25
Leakage 16 0 0 291.69
FO 4 0 0 404
Overall 92 47.96 31.63 9184.59
Power system related outage category
OI 9 46.44 7.89 67.44
BBP 12 36.75 12.36 9.67
Overall 21 83.19 20.25 77.11
Environment related outage category
BW 1 0 0 96
A&B 3 7 0.33 437.67
Overall 4 7 0.33 533.67
Human factor related outage category
HM 6 40.42 19 19.6
Overall 6 40.42 19 19.6
Unclassiﬁed and other outage categories
NF 1 0 0 318
Others 22 6.28 11.86 176.90
Overall 23 6.28 11.86 494.90
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Table A7 Year 2008.
Cause of Failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2008: No. of transf. = 274; No. of removed transf. = 0; No. of newly established transf. = 12; Degree of establishment = 4.58%
Transformer related outage category
B&P 12 12.58 40.33 701.17
OC 30 30.06 5.46 157.96
EFP 12 25.79 8 76.25
DP 12 23.95 17.3 413.5
B&D 7 28.59 13.5 318.83
FFS 3 0 0 110
HS 4 0 0 94.75
Leakage 13 0 0 358.46
FO 4 0 0 386.25
Overall 97 120.9 84.60 2617.18
Power system related outage category
OI 8 37.5 6.88 92.5
BBP 13 47.23 17.23 99.62
Overall 21 84.73 24.11 192.12
Environment related outage category
BW 4 15.5 2.5 213.25
A&B 0 0 0 0
Overall 4 15.5 2.5 213.25
Human factor related outage category
HM 5 51.625 8 8
Overall 5 51.625 8 8
Unclassiﬁed and other outage categories
NF 7 12.6 5.5 704.5
Others 24 11.91 13.86 395.21
Overall 31 24.51 19.36 1099.71
Table A8 Year 2009.
Cause of Failure Number Average interrupted power (MW) Average load interruption time (min) Average repair time (min)
Year 2009: No. of transf. = 292; No. of removed transf. = 3; No. of newly established transf. = 21; Degree of establishment = 7.66%
Transformer related outage category
B&P 13 12.92 1.46 1309.54
OC 37 32.75 11.21 262.12
EFP 20 24.55 14.37 140.58
DP 23 20 10.7 851.55
B&D 18 21.23 15.87 1611.13
FFS 4 27 2.5 299
HS 3 0 0 114.67
Leakage 16 1.75 6.56 534.69
FO 3 2 0.33 231
Overall 137 142.2 63 5354.28
Power System related outage category
OI 10 46.3 14 14
BBP 10 50.44 18.8 127.3
Overall 20 96.74 32.8 141.3
Environment related outage category
BW 3 20.67 3.34 203
A&B 1 0 0 108
Overall 4 20.66 3.34 311
Human factor related outage category
HM 8 59.29 16.8 16.8
Overall 8 59.29 16.8 16.8
Unclassiﬁed and other outage categories
NF 8 45.04 12.29 101.86
Others 20 5.79 25.37 662.55
Overall 28 50.83 37.65 764.41
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194reasons. These reasons are mostly related to local climatic/elec-
trical conditions, logistics management, human skills, and the
age of transformers.Acknowledgement
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